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(57) ABSTRACT 

The Invention pertains to a method for making a block or 
gradient final (co)polym«r comprising * step of radically 
polymerizing a mixture of cthylcnically unsaturated mono- 
mars in tba presence of a) o radical precursor and b) an 
iodine atom-containicig intermediate polymer or a mixture of 
iodine atom-containing intermediate polymers, wherein the 
iodine atom-containing intermediate polymer comprises at 
least 50 mole % of me th aery late monomers find is obtainable 
from a polymerization of ethylecically unsaturated mono- 
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METHOD FOR POLYMERIZING 
ETHYLENICALLY UNSATURATED MONOMERS 
BY DEGENERATIVE IODINE TRANSFER 

RELATED APPLICATIONS 

[0001] This application claims priority baaed □□ European 
Patent Application No. 02078004.5, fifed Jul. 23, 2003, tod 
U.S. Provisional Patent Application No. 60/424,571, filed 
Nov. 7, 2002. 

SUMMARY OF THE INVENTION 
[0002] The invention pertains to a method w proparo a 
block or gradient copolymer comprising a step nf radically 
polymerizing a mixture of ethykmcally unsaturated mono- 
mers. 

BACKGROUND OF THE INVENTION 
[D003] Controlled radical polymerization processes have 
received much attention over the past decode, because of the 
possibility to prepare new valuable polymeric materials 
based on standard conventional monomelic building blocks, 
such as block or gradient copolymers, and narrow-polydis- 
pereity functional polymers, with narrower functionality 
distributions, that can be used in film- forming or cross- 
linking composition*, such as coating compositions, adhe- 
sives and printing ink formulations. 
[0004] [n the field of "living" radical polymerizations 
(polymerisations under radical conditions where termination 
processes of growing radicals arc reversible, so that all 
initiated chains can, in principle, continue to grow as long as 
monomers and radicals are present), thrco technologies have 
been studied in depth: 

[0005] nitroxide mediated polymerizations (NMP), 
which are based on bomolytic scission of the coy*- 
lent bond formed between a polymer radical and & 
nitroxide stable radical; 

[0006] atom transfer radical polymerization (ATRP). 
in which a halogen (usually Cl or Br) atom is 
reveraibly transferred between a Cu(l/H) complex 
and a polymer radical, in a process that encompasses 
a redox cycle; 

[0007] reversible addition fragmentation chain trans- 
far (RAFT), which is a process wherein ditmoester 
end groups can be rapidly and rcvoraibly transferred 
between polymeric radicals. 

[0008] Por all these systems, the living character was 
proven by a typically linear development of molecular 
weight with conversion, low polydispcrelUes obtained in 
polymerizations, and the preparation of block copolymers 
by sequential addition of different monomers. 
[0009] ATRP and RAFT especially have possibilities for 
numerous applications with inspect to the types of mono- 
mers used. In ATRP, however, acidic conditions and acidic 
monomers create problems, while the necessary removal of 
the Cu-amine complexes from the polymers is an expensive 
and thus unwanted step. In RAFT, these limitations do not 
occur, but this method suffers in that the polymer chains 
formed contain ditbioester end groups, which are strong 
chiomopnorcs. The ehromophorcs can be destroyed by 
reaction with a nudeophile, but this aucleopbilc is not 
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always compatible with the functional groups thai may be 
present in the chains. Such chromophorc dcKtmction comes 
at the expense of an extra reaction step and leads to 
low-molecular weight products in the polymer, which may 
be difficult to remove. Moreover, the ditbioester mediating 
compounds are expensive. 

[0010] In general, RAFT based on dithio-ester compounds 
is assumed to be favourable in the rate of end group transfer 
(mare transfer events, lower polydispcreily, better control). 
A lower polydispersibility is desirable when the polymer is 
used in e.g. fUm-furnung or cross-linking compositions. A 
narrow molecular weight distribution in such applications 
leads to a good balance of pot life and curing speed, 
viscosity and outwork properties. Further, in the art it is 
assumed that the RAFT process Is applicable to a broad 
range of monomers. 

[0011] NMP has the disadvantage that expensive nitrox- 
ides arc needed if the process ls to be used at acceptably low 
temperatures for acrylatcs, whereas metbacrylatc* have 
intrinsic problems due to the fact that disproportionation 
may occur as a side reaction. 

[0012] Another type of living radical polymerization pro- 
cess is degenerative iodine transfer (DIT) (see for instance 
Journal of Physical Organic Chemistry, Vol. 8, 306-315 
(1995) and Macromoleoules, 28, S051-8O5O (1905)). In this 
process, as in the RAFT process, an iodine end group can 
transfer from one polymer to a radical end group of soother 
polymer present in the polymerization system, the iodine 
atom playing a similar role to that of the dithioester group in 
RAFT, the terminal iodine and the radical function exchang- 
ing between rwn polymer chains. A chain transfer agent with 
an iodine atom is used as entry in the DIT process. Con- 
ventional iodine chain transfer agents include alkyl or per- 
fluoroalkyl iodides. 

[0013] In MccrontQleculss, 28, 8051-8056 (1995), Mac- 
romotecules, 33(9), 3485 (2000), Maeromolcculea, 32(22), 
7354 (1999), Macwmolecules, 31(9), 2809 (1998) the DIT 
process whs described far application with styrenc mono- 
mers, for which it appears to work moderately well (poly- 
dispersitics typically 1.5), end lor application with hsloge- 
naled vinyl monomers like vinyl chloride and fiuormstod 
vinyl species. 

[0014] DIT was attempted for acrylates, but the results 
showed less control (brontter pa Lydiapcreitie tn»2, indicating 
a low rate of transfer between acrylMc chains) (see: Mac- 
romotecules, 28. 8051-8056 (1995)). DTT processes with 
ntrylates have boon disclosed in o lew documents; however, 
these aim at obtaining iodine-functional chains instead of 
aiming At actual living polymerisations (see for instance 
U-S. Pat. No. 6,143,848). DIT processes to prepare block 
copolymers of acrylatcs and styrene have been reported in 
EP 947527. Macromoitcules, 28, 2093 (1995), and Macro- 
mol Rapid Cammun., 2000, 21(13), 921. 

[0015] A Tew attempts to obtain a degenerative iodine 
transfer process with melhacfylates have been reported, but 
all of these suggest that metbacrylatc monomers cannot be 
used in an acceptable manner in conventional DIT processes 
using the conventional todiuc-functional CTAs, which are 
applied in the DIT process for e.g. styrcne (soo for instance 
Macramolrcules, 28, 8051 (1995)). High-molcculsx weight 
material is formed at the start of the polymerization, leading 
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to high pclydispesitiflfi, witnoM the typical linear develop- 
ment of molecular weight with conversion, which is char- 

actcriStiC for a polymerization with a living character, being 
observed. Another comparison of DIT procattics with sty- 
rcne, acrylate, and methacrylate monomers was disclosed in 
B. Klumpcrmaa si the UNESCO School & South African 
IUPAC conference on Macro molecular and Materials Sci- 
ence, Mar. 29-31, 1 999 and Apr. 10-12. 2000, which is to be 
found at http://ww.sun4C.za/uncsco/PorymerED2000/ 
Conn999/Lecturcsl999/Klump2.pdf and www.sua-sc.za/ 
uncsco/PolymerED2000/Con£20^ 
Here it is also concluded that DIT is not a suitable process 
for the polymerisation of a mixture of monomers containing 
a large amount of ooethicrykte monomers. Therefore, it his 
been assumed thai DIT is not suitable for polymerizing 
mcthicrylates in a controlled manner, to obtain tbs benefits 
that can be obtained in a "controlled (li^g) radical poly- 
rncritttion** process in the art. In U.S. Pat. No. 3,439,080 
thU is confirmed id Comparative example 2, wboro it whs 
found that when MMA alone is used with a fTuorinttcd 
aUtyliodidc. only a nomopolymer of MMA is produced and 
a block polymer with an iodide-functional perfluoropoly- 
Qther is not produced. 

[0016] Since methaerylatcB are a vary important class of 
monomer* for many applications, with high- and low- 
polarity candidates and various functional side groups avail- 
able, with bigh-Tg backbones with good chemical durability 
being formed, the inability to use methacrylates is a serious 
problem in DIT technology) and a need exists fot an effective 
DIT method allowing the production of polymers baaed on 
methacrylates with structure* that benefit from the advan- 
tages of the living nature of the polymerization process- 
[0017] It is an object of the present Invention to obtain a 
DIT process that can be used for (co)polynwrizing meth- 
acryl&te monomers as In a Irving radical polymerization 
process. According to the present invention, it was found 
that the DIT process can be performed in a very favourable 
way using mclhacrylates, if the proper start-up process is 
chosen. Yft have found that the DIT process can be adapted 
for the polymerization of compositions of pxdooiinintly 
me thacrylatc monomers, to find a high transfer rate of iodine 
atoms between methacrylatc chain ends, leading to better 
control than a DIT process using Styrenic or acrylate mono- 
mers, to low polydispcrsitics closely resembling those of 
ATRP or RAFT processes, molecular weights mcreasinji 
wiih conversion, and ibn opportunity w prepare well defined 
block and gradient copolymers. 

DETAILED DESCRIPTION OF Tlffi 
INVENTION 

[0018] We have found a novel method wherein iodino- 
funcdonal methacrylatc polymers arc obtained, leading to a 
DiT process proceeding with a high level of control. 
[0019] More specifically, the invention pertains to a 
method for making a block or gradient final co-polymer 
comprising a «ep of radically polymerizing & ttrixture of 
ethylcnicaUy unsaturated monomers in the presence of a) a 
radical precursor and b) an Iodine atom-containing^ interme- 
diate polymer or a mixture of iodine amm-cantaining inlet, 
mediate polymers, wherein the iodine atom-containing inter- 
mediate polymer-comprises at least 50 mole % of 
methacrylate monomers and is obtainable from a polymer- 
ization of ethylenically unsaturated monomers. 
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[0020] For clarity purposes the terms '%termediate poly- 
mer" wd "final polymer" are introduced in this description. 
However, il has to be understood that the final polymer can 
be reacted further and that the polymerization steps feeding 
to the intermediate and the final polymer need not follow 
each other directly, but that there may be (a) further pro- 
cessing or reaction xtep(s) between the intermediate and 
final polymerisation). 

[0021] The iodine atom-containing intermediate polymers 
to be formed initially (fbiwing the "first block" if a block 
polymer is to be made) should predominantly co mprise 
mopomBrs of the methacrylate type, i.e. the polymer Com- 
prises at least SO mole % of mcthacryloic monomers (in this 
application methacrylatc monomers include methacrylie 
acid or esters, amides or anhydrides thereof, or methacry- 
lonitrilc). This results in the end group of the intermediate 
polymer being predominantly of the iodmc-containing 
mcthacrylflte type. 

[0022] Such iodine-containing methacrylate end group has 
the formula: 



Ka 

ex. 



[0023] wherein P stands tor polymer and CX is an acid, 
anhydride, ester, amide, or nilrils group. 

[0024] Moto preferred is a composition wherein the inter- 
mediate polymer comprises more than 70 mole % of meth- 
acrylate monomers; most preferred is a composition wherein 
the intermediate polymer comprises more man 90 mole % of 
methacrylatc monomers. Preferably, the molecular weight of 
tfab intermediate polymer in less than 20,000 and more than 
500, more preferably less than 10,000, most preferably less 
than 5,000 and more than 1.000. In this respect the use of the 
term intermediate oligomer instead of Intermediate polymer 
Should be taken into consideration a* well The iodine 
atom-containing Intermediate polymer may additionally 
comprise other («j)mooome« which may be of the (meth- 
acrylate, etyrene, vinyl cater, and maleato type. 

[0025] The polymerization step leading to the final poly- 

mei eon ttt> pbfCormud wiUi UV> U»<Jiot> alum-coat aiding 

intermediate polymer and a monomer or a mixture of 
mo no me re, the composition of which may be different from 
the composition of the iodine atom-containing intermediate 
polymer, in the presence of a radical precursor. 

[002 6] Examples of suitable mixtures for making the fin al 
and intermediate polymers comprise monomers selected 
from, e.g. acrylic acid, methacrylie acid, methyl acrylate, 
ethyl aciylato, butyl acrylate, methyl methacrylate, ethyl 
methacrylate, butyl methacrylate, glycidyl methacrylate, 
glycidyl acrylate, 2-hydroxycthyl acrylate, 2-etbylhcxyl 
acrylate, potassium methacrylate, cyclohexyl methacrylate, 
2-(dimcthylamino)cthyl methacrylate, stcaxyl rriethaefylate. 
2-hydroxycthyl methacrylate, 2-hydroxypropyl methacry- 
latB. vinyl methacryUte, benzyl methacrylatc, lauryl meth- 
acrylatc, di ace lone acrylamide, acrylamide, acrolein, raeth- 
acrylamide. mcmacrolein. acryJorutrile, melhacryloDUrile, 
atyrene, aJpnamctnyl siyrene. vinyl toluene, isopropenyl- 
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iiopropjflidcce isocyanatobenzene (mTMI from Cytcc), 
cbloraslyrens, butadiene, isoprene, crdcroprcnc, maleic 
arid, maleifflide, methyl maleate, ethyl malcotc, propyl 
malcatc, butyl malcate, calcium male ate, aByl maleate, 
2*thylhcxyl maleate, octyl maleate, maleic hydrazine, 
maleic anhydride, fumade add, methyl fiimaratc, ethyl 
fumarate, propyl fumaratc, butyl fumaraic, sodium fuma- 
rate, fomaroniirils, fumaryl chloride, vinyl acetate, ten- 
decenoic acid cthcnyl cstCT (VcoVa® 10, ex Resolution 
Performance Product*), neononanoie acid ethenyl ester 
(VfcoVa® 9, ex Resolution Pcrfisfmance PreductsX vinyl 
prvalate. and the like. It is not necessary that methacrylnto 
monomers ate predominantly present in the mixture for the 
final polymer, and this mixture may even be free of mcta- 
acrylic monomers. If the monomers selected for this final 
polymerization step are predominantly of the mcfhacrylate 
type, the process can then be repeated to form a third or 
further block, or gradient copolymers can be obtained, ft* is 
obvious to the skilled person. 

[0027] The weight ratio of the iodine atom-containing 
intermediate polymer to the monomers being polymerized to 
form the final polymer may vary from 1:100 to 100:1. 
[0028] Optionally, the amounts are selected bo that the 
mole ratio iodine atom -containing intermediate polymer b): 
radical precursor a) is s.0.1 n, mote preferably s-O.5 n, 
wherein n stands for the number of radicals effectively 
generated per molecule of radical precursor (i.e. taking Into 
account the initiator efficiency). 

[0029] The final polymerization process can take place In 
batch mode or semi-batcb mode, with feeding of several of 
the reacting to the vcwl, of in a process comprising a 
continuous step. The iodine-functional methacrylate inter- 
mediate polymers of the DIT type can be transferred and 
used as a CTA in the final polymerization process according 
to the invention 

[0030] The final polymerization can be carried out in bulk, 
in an organic solvent or in an aqueous medium, in a 
suspension polymerization process, an emulsion polymer- 
ization process, ft dispersion polymerization process, or a 
mini -emulsion polymerisation procesa- 
[0031] The iodine atom-containing intermediate polymer 
is made from the monomer mixtures as mentioned above for 
the final polymer, provided that the amount of mcthacrybe 
monomers is so selected that at least 30 mole % at me 
monomers are of the methacrylate type. The polymerization 
leading to the intermediate polymer is performed in tie 
preset* of I a or an effective iodine chain transfer agent 
(CTA) d) and a radical precursor C). The term iodine as used 
in this application Includes lj and I^-prccursors (Lc. com- 
pounds ihai can form I* in situ), such « N'iodoaucdnimiito, 
Id, IBr, and Iodine chain transfer agent* and iodine arc 
used in combination with a small amount of radical precur- 
sor to obtain a methacrylate intermediate polymerization 
process. 

[0032] When molecular iodine is used, the Iodine radical 
released after one iodine is abstracted by a polymer radical 
does not reinitiate a methacrylaw polymerization, but 
rccotnbines with another polymer radical. The net effect of 
molecular iodine is the tunctionalization of two polymer 
chains with an iodine end group, in an' identical way (A 
Polym. ScL Polym. L*tt. Ed, Vbl. 14, 499-502 (1976)). In 



terms of the intermediate polymerization process, it implies 
that slightly more than 1 equivalent of initiating radicals 
Should bo generated, compared to the iodine atoms present 
in the systems as molecular iodine. The mole ratio radical 
precursor d) preferably ia between 0.05 n and 0.5 n, more 
preferably between 0,1 © and 0.5 o, and most preferably 
between 0.25 n and OS n, wherein n has the previously given 
meaning. This route to obtaining the low-molecular weight 
intermediate 1 •terminated polymers is very elective, and is 
a preferred embodiment- 

[0033] An example of an eflective iodine CTA (rapidly 
allowing transfer of the iodine to methacrylate polymer 
radicals) is a sulfonyl iodide, e.g. p- toluene sulfonyl iodide. 
When such an iodine CTAia used, preferably the mole ratio 
of iodine CTA: radical precursor d) is »0.1 n, more prefer* 
ably >0.5 n, wherein n stands for the number of radicals 
effectively generated per molecule of radical precursor. 

[0034] The most preferred process according to the 
present invention is the one wherein iodine is used. 

[0035] It was found to be advantageous sometimes to 
perform the polymerization stcp(s) of the method according 
to this invention in the presence of an epoxide-contaioing 
compound, especially the DIT polymerization to form the 
intermediate polymer. In the presence of epoxide-cxmtaiulng 
compounds the polydispcrwty obtained [* narrower, leading 
to coating compositions with a good balance of pot life and 
curing speed, viscosity and neiwork properties. Similarly, 
such epoxide-containing compound can also be used in the 
synthesis of the final polymer. Such compounds are prefer- 
ably selected from glycidyl ethers, glycidyl esters, and 
cyclnalmhatic epoxide*. Suitably glycidyl-contalning mono- 
mers ate used in the preparation of the Iodine atom-contain- 
ing polymer, such as glycidyl methacrylate. glycidyl a«y- 
late and the glycidyl ester of ncodccanoic acid (Cardura® 
E10). The method according to the invention is preferably 
performed such that the mole ratio epoxide: iodine atom- 
containing polymer b) is >0.01, preferably H>.D5. 

[003 B] Although the essence of the present invention is the 
radical polymerization of a mixture of clbylcnically unsat- 
urated monomers in the presence of a) a radical precursor 
and b) an iodine atom-containing polymer or a mixture of 
iodine alom-comaining polymers, the invention also pertains 
to the two-step procedure for making a block or gradient 
co-polymer comprising a step of radically polymerizing a 
mixture of cthyienically unsaturated monomers to give 
iodine atnm-containing polymer* b) comprising at least 50 
mole % of methacrylate monomers in the presence of c) a 
radical precursor and d) I a or a iodino chain transfer agent, 
followed by a «tep of radically polymerizing a mixture of 
ethylcnicafly unsaturated monomers in the presence of a) a 
radical prccursur and b) the iodine atom- containing polymer 
of the first step. The second step may be started before the 
first step is fully ended. 

[0037] Also in this two-step procedure the mole ratio 
sulfonyl iodide: radical precursor is >0.1 n, wherein n stands 
for the number of radicals effectively generated per mol- 
ecule of radical precursor, or wherein the mole ratio l^: 
radical precursor is between u.05 n and 0.5 n. 
[0038] The polymerization processes), Lc. the process 
leading to the intermediate polymer and/or ihe pro ecus 
leading to the ft nil polymer, of the monomers take(a) places 
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at temperature* of less than 130" C, preferably less lhan 
110° C, even more preferably less than 90 c, most 
preferably kss than 70* C. It is preferred that a precursor of 
mild Initialing radicals is used as a radical precursor. Mild 
initiating radicals are foi example C-ccntcred radicals, pref- 
erably C-scniered radicals obtained (ram. tho decomposition 
of azo radical initiators initiator* of the azo-type include 
arobUiscbutyronitrilc (A1RN) or ozobisvuleroaitrilc. 
[0039] As indicated above, the final polymer may be 
reacted further. It may be advantageous to modify the iodine 
end gmups-containiig polymers formed in the process 
according to the invention in a process after Of during the 
polymerization. Tbe end groups can be modified, e.g., by 
elimination, cyelization, atom transfer, redox, or substitution 
reaction, optionally under removal of iodine and/or low- 
molecular weight iodl DC-containing compounds. More spe- 
cifically, the removal of the iodine atom may be done by any 
mechanism known to tbe skilled person such as a rruclcO- 
ptrilic reaction, by beating of the polymer (leading to 
hemolytic scission but also to elimination products), or by 
reaction with a radical generating compound, it may bo 
favourable to perform such thermal or radical reactions in 
the pretence of reducing conditions to scavenge iodine 
radicals Of 1* formed. 

[WW] The nuclcophHic reaction can suitably be per- 
formed using mcrcaptopropinnia acid in combination with a 
base. The radical-generating compound may be a peroxide, 
for example HjOa. A radical reaction under reducing con- 
dition can be performed hy heating the iodipn-funetional 
lotymcra in the presence of sodium formaldehyde sulfoxy- 



e 

[0041] The Anal polymer prepared by the method accord- 
ing to this invention can be used in film-forming or cross- 
Unkfog compositions such as coating compositions, adhe- 
sive*, and (printing) ink formulations. Block or gradient 
copolymer products made by the method according to the 
invention can be used aa rheology additives, surfactants, 
dispersanta, adhesion promoters and/or Bow improvement 
additives. 

[0042] Prcfered coating compositions include coating 
compositions thai can be used in automotive and general 
industrial coating applications. 

[0043] 1 hB invention b further illustrated with the fallow- 
ins examples. 

[0044] All reported molecular weights were determined 
by size exclusion chromatography (Rl detection) and are 
expressed in polystyrene equivalent molecular weights, 
unless specified otherwise. Low-molecular weight materials 
(M<500), originating e.g. also from initiator in cage recom- 
bination products and optionally added low-molecular 
weight epoxides, wore not taken into account for this deter- 
mination of the main polymer envelope in the molecular 
mass distribution. The following abbreviations arc used: 
MMA-mcthyl metbaerylate, GMA-glyddyl metbicrylatc; 
BA-butyl acrylate, BMA»butyl mclhacrylate, HEMA-ny- 
droxy ethyl metbaerylate, SEOslze exclusion chromatogra- 
phy, Mn-number overage molecular weight, Mw-weigbt 
average molecule weight. Mz-Z-average molecular weight 
The polydiapersity of tbe polymer* was determined as the 
ratio Mw/Mn. 

[0045] The effect of copolymerizing metbacrylatcs and 
acrylate* on molar mass distribution, wherein the molar 



mass and tbe polvdispcrsity are taken as a measure of tbe 
extent of control, is Illustrated by the fallowing example*, it 
can be seen that control is lost if the fraction of acryjaic 
monomer* becomes too high. These experiments show (hat 
upon using MMA/BA ratios with 8 good control gradient, 
copolymers arc obtained due to the higher polymerization 
reactivity of MMA monomer vs. BA monomer, as is known 
in the art. 

[0046] Id general, all copolvmerixations carried out under 
conditions which allow for oorrrp oration drift will produce 
gradient copolymers under the conditions of the DIT process 
in this invention. 

EXAMPLE 1 

[0047] A reaction vessel was charged with 21.25 g of 
MMA, 5.32 g of BA, 20 g of butyl acetate, 1.54 g of 1 3 , and 
2.258 g of 2,2'-ambis(2,4-dimethylvalcronrtrile), degassed, 
and maintained under a nitrogen atmosphere- The tempera- 
ture was raised to 67" C, and the reaction was continued for 
8 h. After 1 b and 40 min, the brown iodine colour was 
observed to fade, an observation that coincided with a steep 
increase of conversion with lime, after the inhibition period 
in the presence of molecular iodine. SEC analysis of a 
sample takcu after this period (conversion 889$) yield* an 
Mn of 2,325 and an Mw/Mn of 1.31, Mz/Mw 1.25. 

EXAMPLE 2 

[0048] A reaction vessel was charged with 15.96 m of 
MMA, 10.66 g of BA, 20 g of butyl acetate, 1,53 g of L,, and 
2.26 g of 2^^azor^2,4-dimcthylvaleromtrile), degassed, 
and maintained under a nitrogen atmosphere. The tempera- 
ture was raiwai tn 64" C, and the reaction was continued for 
8 b. After 2 h the brown iodine colour was observed to fade, 
an observation which coincided with a steep increase of 
conversion with time, after the iohibitive period in the 
presence of molecular iodine. SEC analysis of a sample 
taken after this period (conversion 82%) yields an Mn of 
2,210 and an Mw/Mn of 1.48, Mz/Mw 1.47. 

EXAMPLE 3 

[0049] A reaction vessel was charged with 10.62 g of 
MMA, 15.96 gof BA,20 g of butyl acetate. 1.53 g of I t , and 
2.267 g of 2,2'-azc^i<2,4-dimemylvalcromtrile), degassed, 
and maintained under * nitrogen atmosphere. The tempera- 
ture was raised to 64° C, and the reaction was continued for 
20 h. After 2 b, the brown ioOinc colour was observed to 
fade. SEC analysis of a sample taken after this period 
(conversion 95%) yields an Mn of 2,430, an Mw/Mn of 2.04, 
and an Mz/Mw of 2-16. 

COMPARISON EXAMPLE 4 
[0050] A reaction vessel was charged with 5 31 g of 
MMA, 21.26 g of BA, 20 g of butyl acetate. 152 g of I* and 
2.267 g of 2,2 , -azobis(2,4^uTwthylvaleroDrtrils), degassed, 
and maintained under a nitrogen atmosphere. The tempera- 
ture was raised to 64" C, and the reaction was continued for 
20 h. SEC analysis of a sample taken after tbl» period 
(conversion 9S%) yields an Mn of 2,580, an Mw/Mn of 2.17, 
and an Mz/Mw of 2.23. 

COMPARISON EXAMPLB 5 
[0051] A reaction vessel was charged with 26 g of BA, 20 
g of butyl acetate, 1.67 g of I„ and 2.267 g of 2^'-azobis(2, 
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4-dimclhyKateronirrilc), degassed, and maintained under a 
nitrogen atmosphere. The temperature was raised to 64" C. r 
and the reaction was continued for 4 h. SEC analysis of * 
sample taken after this period (conversion 93%) yield* an 
Mn of 2300, an Mw/Mn of 1.92, and an Mz/Mw of 2,07. 

EXAMPLE 6 

[0052] A reaction vessel was charged with 11.01 g of 
MMA 11.00 g of BA, 8.06 g of HEMA, 20 g of butyl 
acetate, 1.523 g of 1,. and 2.26 g of W -a^obi<2,4-dimetti. 
yrvalcronitrile), degased, and maintained under a nitrogen 
atmosphere. The temperature was raised to 64' C. and the 
reaction was continued for 7 h. SEC analysis of a sample 
taken after thi* period (conversion 9896) yields an Mn of 
4,800, an Mw/Mn of 1.26, and an Mz/Mw of 131. This 
example shows that monomers with functional side groups 
may also be used. 

EXAMPLE 7 

[00531 To a reaction vessel maintained at 65* C. a solution 
consisting of 36.49 g of BMA, 0.57 g of OMA, 3.69 g of 1,, 
and 5.42 g of 2,2'*zobis(2,4^tactuylvaieroomilc) and 16 g 
of Dowanol* PM (glycol ether solvent ex Ddw Chemical 
Co ) was fed over a period of 2 h, to obtain a first BMA- 
cc-GMA block of Mn 2,880, Mw/Mn 175, Mz/Mw 1,19. 

EXAMPLE 8 

[0054] A reaction vessel was charged with 11.02 a of 
MM A. 11.01 (j of BA, 20.06 g of butyl acetate, 1.52 g of I*, 
and 2.26 g of 2^'-azobfe(2>4*difflethylvabronitrUO» 
degassed, and maintained under a nitrogen atmosphere. The 
temperature was raised to 64' £, and the reaction was 
monitored until the dark iodine colour started to fade (con- 
version 9%), Al this point. 5.29 g of mcthacrylic acid and 
2.75 g of Cardura® B-10 were added in one shot and the 
reaction was continued for 4 h, SEC analysis of a sample 
taken after this period (conversion 99%) yields an Mn of 
2,928, an Mw/Mn of 132, and an Mz/Mw of 1.28. 

EXAMPLE 9 

[0055] To the polymer of Example 7. a mixture of 27.9 g 
of HEMA and 0.469 g of 2^'-aOThjs(2,4-diinethylvaleroni- 
triic) was added, together with 10 ml of Dowanol PM, at 
a temperature of 64* C, After 4 h, a block copolymer was 
obtained with Mn 2^M, Mw/Mn 1.46, M*/MW 1.31. 

EXAMPLE 10 

[0056] A reaction vessel was charged with 30 ft of MMA. 
2tl g uf butyl acetate. 1.516 & of l a , and 2.259 g of 
W'-ambis^^^imemyWalcroniirae), degassed, and main- 
tained under a nitrogen atmosphere. The temperature was 
raised to 66" C. and the reaction was continued for 4.5 b. Al 
this point, the conversion was 81&, the Mw was 3,000 
(Mz/Mw 1.26), and a mixture of 5.01 g of HEMA, 5 08 g oF 
BMA, 6 g of butyl acetate, and 0 0097 g of 2a'-a*obis(2, 
4-dimcfoyrvakronitrile) was added, and the reaction was 
continued £br another 3 5 h. The final block copolymer had 
anMwof 3.580, Mz/Mw 1.33). 

EXAMPLE 11 

[0057] A reaction vessel was charged with 30.05 g of 
MMA. 20.05 g of butyl acetate. 1-52 g of I*. 2.26 g of 



27'-a»bis(2,4-dimcihyrvalcroiritrile) t degassed, and main- 
tained under a nitrogen almoKphcic. The tcmpershiro was 
raised to 65 s C, and the reaction was continued for 6.5 h. 
SEC analysis of a sample taken after this period (conversion 
97%) yields an Mn of 2381. an Mw/Mn of 1.14, Mz/Mw 
1.12. 

[0058] Three days later, a mixture of 60 g of BMA, 3S.0 
g of butyl acetate, and 0.80 g of 2,2'.azobis(2Adimeth- 
ylvaleronitrile) was slowly added to this block over a period 
of 3.5 h at 65* C, and polymerized for an additional 2 h to 
obtain a block copotymer with Mn 7,200, Mw/Mn 1.67, 
Mz/Mw 1.47. 

EXAMPLE 12 

[0059] A reaction vessel was charged with 30.0 g of 
MMA, 20 g of butyl acetate, 2.54 g of I t , 3.83 g of 
2£'-azobis(2v4-dimcthylvateroninTle), and 2 33 g of Car- 
dura® E-10 (vcrsatic acid glycidyl ester, ex Resolution), 
degassed, and maintained under a nitrogen atmosphere. The 
temperature was raised to 64° C, and the reaction was 
continued for 5 fa. SEC analysis of * sample taken after this 
period (conversion 95*) yields an Mn of 2,990, an Mw/Mn 
of 1.20. M*/Mw 1.16, 

EXAMPLE 13 
[0060] To the polymer of Example 12 was added a mixture 
of 2.57 g of BMA 2.5 g of butyl acetate, and 0.257 g of 
2J'-azobis(2,4-dimethylvalcronitrile). The reaction was 
continued for an additional 2 h (conversion 99%), to yield a 
block copolymer with Mn 3,263, Mw/Mn 1.21, Mz/Mw 
1.18. 

EXAMPLE 14 
[0061] A reaction vessel was charged with 30.05 g of 
MMA, 20.03 g of butyl acetate, 254 g of 3.79 g of 
23'-aaobiK2.4-dimcmylvalcronitrile), degassed, and main- 
tained under a nitrogen atmosphere. The temperature was 
raised to 64° C, and the reaction was contituied for 7 h. SEC 
analysis of a sample taken after this period (conversion 
97%) yields an Mn of 1710, an Mw/Mn of 116, Mz/Mw 
1.14. 

[0062] To this block was added a mixture of 15-04 g of 
BMA 10.06 g of butyl acetate, and 0.27 g of 2,2*-a7obis(2, 
4-dunethyrvaleronltrilc) at a feeding rate of 0.187 ml/min. 
The polymeriznlioo of the second block was wrUioucd tor • 
total time of 4.5 b to yield a block copolymer with Mn 2,390. 
Mw/Mn 131, Mz/Mw 1.38. 

[0063] Next to the Ij route, a good start to a DVT process 
with methaerylatea can also be made if »n iodine CTA, such 
as tosyl iodide, with a high chain transfer coefficient for 
mcthactytatM (CTC>1) is used. 

[0064] The foregoing description of the present inventioa 
is merely illustrative thereof, and it is understood that 
variation* and modification can be made without departing 
from the spirit or scope Of the invention. 

1. A method for making a block or gradient final (co)poly- 
mor comprising a first step of radically polymerizing a 
mixture of cthylenically unsaturated monomers to an iodine 
atom-containing intermediate polymer, wherein the iodine 
atom-containing intermediate polymer comprises at least 50 
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mole # of metbacrylite monomer*, in the presence of a 
radical precursor and an I 2 or an Iodine chain transfer agent, 
followed by a second step of radically polymerizing a 
mixture of ethylenically unsaturated monomers in the pres* 
ence of a radical precursor and the iodine atom-containing 
intermediate polymer of the first step. 

2. The method according to claim 1 whore in the male ratio 
of the iodine atom-containing intermediate polymers to the 
radical precursor of the second step is greater than 0.1 n, 
wherein n stands for the Dumber of radicals effectively 
generated per molecule of radical precursor, 

3. The method according to claim 1 wherein the poly- 
merization occw* am temperature lower than about 130° C. 

4. The method according to claim 3 wherein the tempera- 
ture is lower than 110° C. 

5. The method according to claim 3 wherein the tempera* 
hire is lower than 90* C. 

6*. The method according to claim 3 wherein the tempera- 
ture is lower than 70* C. 

7. The method according to claim 1 wherein the poly- 
merization in the first and second steps arc performed in the 
presence of an epoxidc-containing compound, 

8. The method according to claim 7 wherein the mole ratio 
of the epoxide to the iodine atom-containing imetmediate 
polymer is greater than 0.01. 

9. The method according to claim 8 wherein the mole ratio 
of the epoxide to the iodine atom-containing intermediate 
polymer is greater than 0.05. 

10. A method for making a block or gradient final 
(co)polyxncr comprising a step of radically polymerizing a 
mixture of ethylen really unsaturated monomers in the pres- 
ence of a radical precursor and an iodine atom-containing 
intermediate polymer or a mixture of iodine atom-containing 
intermediate polymers, wherein the iodine atom«containing 
intermediate polymer comprises at least 50 mole % of 
methacrylatc monomers and is obtainable from a polymer- 
ization of etbylcnically unsaturated monomers. 

11. The method according to claim 10 wherein the molo 
ratio of the iodine atom-containing intermediate polymer to 
the radical precursor is greater than 0.1 o, wherein n stands 
for the number of radicals effectively generated per mol- 
ecule of radical precursor. 

12. The method according to claim 10 wherein the tem- 
perature during the polymerization Step i» lower than about 
130° C. 

13. The method according to claim 12 wherein the tem- 
perature is lower than 110° C. 

14. The method according to claim 12 wherein the tem- 
perature is lower than 90° C. 

15. The method according to claim 12 wherein the tem- 
perature is lower than 70* C. 

16. The method iww^g to claim 10 wherein the poly, 
morizatioo step i« performed in the presence of an epoxide* 
containing compound. 

17. The method according to claim 16 wherein the mole 
ratio of the epoxide to the iodine atom-containing interme- 
diate polymer is greater than 0.01. 
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18. The method according to claim 16 wherein the mole 
ratio of the epoxide to the iodine atom-conuim'ng interme- 
diate polymer is greater than 0,05. 

19. A method according to claim 10 wherein the iodine 

otom-containinjj intermediate polymer fc obtainable by 
polymerization of a mixture of ethylenically unsaturated 
monomers comprising at least 50 mole % of moth aery late 
monomer* in the presence of a radical precursor and an 
iodine or an iodine chain transfer agent. 

20. The method according to claim 1 wherein the mole 
ratio of the I 3 to the radical precursor of the first step is 
between 0.05 n and 0.5 n, wherein n stands for the number 
of radicals effectively generated per molecule of radical 
precursor 

21. The method according to claim 1 wherein the iodine 
chain transfer agent is sulfonyi iodide. 

22. The method according to claim 21 wherein the mole 
ratio of the sulfonyi iodide to the radical precursor of the first 
step is greater than 0.1 n, wherein o stands for the number 
of radicals effectively generated per molecule of radical 
pmcm edt. 

23. A method according to claim 1 wherein the iodine 
atom-containing intermediate polymer has a molecular 
weight of less than 10,000. 

24. A method according to claim 1 further comprising a 
third step or removing the iodine niom in the final polymer. 

2$ The mr.lhnd according to claim 24 wherein the iodine 
atom i* removed by nucleopbilic reaction, by heating, or by 
reaction with a radical-geoerating compound, optionally 
under reducing conditions. 

26. A block or gradient (co)polyrocT obtainable by the 
method of claim 1. 

27. A film forming composition comprising the block or 
gradient (eo)polynwT of claim 26. 

28. A coating composition, adhesive or ink formulation 
comprising the block or gradient <co)polymer of claim 26. 

29. An automotive or industrial coating composition 
comprising the the block or gradient (co)polymer of claim 
26. 

30. A theology additive, surfactant, dispersant, adhesion 
promoter or flow improvement additive comprising the 
block or gradient final (copolymer of claim 26. 

31. A block or gradient (copolymer obtainable by the 
method of claim 10 

32. A film forming composition comprising the block or 
gradient (co)polymer or claim 31. 

33. A coating composition, adhesive or ink formulation 
comprising the block or gradient (co)polymcr of claim 31. 

34. An automotive or industrial coating composition 
comprising the the block or gradient (co)polymer of claim 
31. 

35. A theology additive, surfactant, dispersant, adhesion 
promoter or flow improvement additive comprising the 
block or gradient final (copolymer or claim 31. 

***** 
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